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Abstract 
Clay soil is known to create many problems in civil engineering works specifically from the 
design, construction and maintenance stages. Special consideration should be taken 
especially in the design of infrastructures on clay soil. Over consolidation ratio (OCR) and 
the undrained shear strength (Su) of clay soil is very important in the field of Geotechnical 
engineering as it can be used to estimate the behavior of clay. In this study, a relationship 
between undrained shear strength and over consolidation ratio (OCR) parameters was 
found to establish a non-linear correlation formula. Laboratory experiment was done by 
taking undisturbed samples at different depths of 0.5 m from 1.0m to 3.5m below ground 
level. The samples were then tested under the odometer and vane shear test to obtain the 
OCR values and the undrained shear strength (Su) respectively. It was found that the OCR 
and shear strength values are inversely proportional at similar depths and at the same 
undrained conditions. The OCR value however, decreases when the soil strength 
increases. An acceptable correlation was obtained from the relationships where the R2 
values were very close to 1.0 using polynomial equations. The comparison between the 
experimental result and previous researchers produced a non-linear correlation that shows 
a similar pattern with this study. 
 
Keywords: Clay, Over-consolidation ratio, Undrained shear strength 
 
INTRODUCTION 
 
Marine clay soil presents several challenges for Geotechnical Engineers as they pose 
problems related to stability and settlements. The characteristics of soft clay are high 
compressibility, low strength and low permeability. As a comparison to other types of soils, 
the strength development of soft clay is time dependent. General construction problems in 
this deposit are insufficient bearing capacity, excessive post construction settlement and 
instability on excavation and embankment forming. The behaviour of soft clay can be 
classified according to the over consolidation ratio (OCR) of the soil. The formation of clay 
soil defines the OCR values and it can be described as the ratio of previous maximal pre-
consolidation pressure (σc) and current effective stress (σv) (Urbaitis et al., 2016). The OCR 
values of the soil can be used to determine its past condition where vital information can be 
obtained in predicting settlements. OCR is also essential in geotechnical design to indicate 
soil strains under construction (Szymanski et al., 2006). Based on the stress magnitude and 
stress history, OCR values can be used to classify clay soils if there are nonconsolidated 
(OCR < 1.0), normally consolidated (1.0–1.5), overconsolidated (1.5–10.0) and higly 
overconsolidated (OCR > 10.0) (Urbaitis et al., 2016).  
 
Due to the difference in current and past stress conditions, the undrained shear strength 
of the soil too will be different for soils having different OCR values. Hence, the 
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relationship between undrained shear strength (Su) and over consolidation ratio (OCR) for 
cohesive soil (marine clay) is among the important relationship in field of geotechnical 
engineering in order to estimate the settlement behavior. By obtaining the Su of the soil at 
different depths, the values will form a pattern of correlation with the OCR values of the 
soil. Therefore, with the correlations obtained, predictions can be made of the Su with the 
varying OCR values. In this study, soil samples of Batu Pahat, Johor soft marine clay will 
be tested. Although there are several research has been done that also correlates the 
undrained shear strength (Su) and over consolidation ratio (Nunez, 1989; Springman, 1989, 
2004; Sheahan et al., 1996; Philips and Valsanker, 1987) a good comparison can be made in 
order to find out of the behaviour of the local Batu Pahat clay in Johor. 
 
MATERIALS AND METHOD 
 
For this research, the Batu Pahat soft clay samples were taken from field near to the 
Research Centre for Soft Soils (RECESS) in UTHM as shown in Figure 1. The samples 
were obtained at three different points to ensure repeatability in the results. The top soil is 
firstly excavated to the point where the marine clay zone was found. The samples were then 
collected in an undisturbed condition using PVC pipes that was penetrated manually to the 
ground. The first sample was obtained at a depth of 1.0 m, and then was taken at every 0.5 
m below that which is at 1.5 m, 2.0 m, 2.5 m, 3.0 m and at 3.5 m. The different in depth was 
to obtained different conditions of Over-consolidation ratio (OCR). Figure 1 shows the 
condition of the samples in the PVC pipes as undisturbed. The PVC pipes were then sealed 
with wax and covered with thin-film plastic to maintain its moisture content. The 
consolidated fully automatic machine is a laboratory device used to perform consolidation 
testing of soil samples. 
 
 
Figure 1. Location of the samples taken from RECESS, UTHM 
 
Samples taken 
UTHM 
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Figure 2. Undisturbed sample collection using PVC pipes 
 
The odometer apparatus was used to perform the consolidation testing for the soil 
samples. The test was done to produce results of the void ratio versus the log pressure (e-log 
curve) curve. This is to obtain pre-consolidation parameter using the Casagrande (Das, 
2014; Casagrande, 1936) theory which is important in finding the OCR value. OCR is 
define as the ratio of the pre-consolidation pressure (σc) and the effective overburden stress 
(σv), (OCR = σv / σc). Then, a laboratory vane shear test as shown in Figure 3 was done on 
the undisturbed sample at each of the depth and location obtained. This is to ensure a 
comparison can be made between similar depths for the results obtained from the 
consolidation test and the vane shear test. 
 
 
Figure 3. Laboratory vane shear test 
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RESULT AND ANALYSIS 
 
The soil samples were also classified according to BS1377:1990 (Urbaitis et al., 2016). 
Table 1 shows the soils properties and its classification from this study and also some 
references from past research on clay around Batu Pahat area. The soil is classified to be 
CL, which is inorganic clays of low to medium plasticity. It is seen that the properties of 
other soft soil differs slightly in its properties, however showed similar specific gravity 
values. Figure 4 shows an example of the void ratio,e and log pressure,σ (e-log σ) plot for a 
sample at depth of 3m taken from point 2. The graph is used find the preconsolidation 
pressure in accordance with the Casagrande theory and also determine the OCR value of the 
soils. The summary of the results of the effective overburden stress (σv), the pre-
consolidation pressure (σc) and the OCR values for each depth and sample location point is 
shown in Table 2. Three undisturbed samples were obtained at different points at similar 
depths to obtain the average value of the OCR and repeatability of the results. Table 3 
shows the average value of the undrained shear strength (Su) obtained for the laboratory 
vane shear test. 
 
Table 1. Soil properties of marine clay 
Soil Properties Author’s Results 
Chan and 
Ibrahim (2008) 
Robani and 
Chan (2009) 
Chan and 
Ho (2011) 
Liquid Limit 
Plastic Limit 
Plasticity index 
Soil type 
Specific gravity 
42.86 
33.27 
15.29 
CL 
2.64 
70 
31 
35.54 
- 
2.66 
68 
32 
36 
- 
2.62 
68 
32 
36 
- 
2.62 
 
 
Figure 4. The determination of preconsolidation pressure for sample at depth 3 m taken at point 2 
 
Table 2. The values of OCR at different depths and location 
 Point 1 Point 2 Point 3 
Depth(m) σv σc OCR σv σc OCR σv σc OCR 
1 5.57 22 3.58 6.54 23 3.51 5.37 23 3.45 
1.5 8.97 23 2.56 9.05 26 2.87 9.13 24 2.59 
2 12.68 24 1.89 12.99 35 2.69 12.07 22 1.90 
2.5 16.36 32 1.95 16.74 37 2.20 16.74 30 1.89 
3 21.16 35 1.65 21.93 54 2.46 20.71 36 1.71 
3.5 25.23 42 1.66 25.94 54 2.08 23.98 35 1.46 
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Table 3. The undrained shear strength at various depths  
 Point 1 Point 2 Point 3 
Depth(m) Undrained shear strength (Su), kN/m
2 
1 10 14.01 11.61 
1.5 11.91 15.39 13.06 
2 13.76 15.96 14.082 
2.5 14.56 17.11 15.17 
3 15.95 17.13 16.12 
3.5 16.15 17.9 16.35 
 
Correlation between Shear Strength and Consolidation Ratio 
 
Correlations of the OCR and the undrained shear strength (Su) is plotted in Figure 5. It 
can be seen that as the OCR increases the undrained shear strength (Su) decreases. The 
correlation that was obtained is represented by a polynomial equation that has a R2 of 0.701. 
The equation obtained can be used to predict the soil behaviour for soils having different 
OCR values. Figure 6 then shows the correlation obtained from this study and it is 
compared with other works from past researchers (Ladd and Foott, 1974). It can be seen that 
the ratio of the undrained shear strength (Su) and the effective stress pressure ratio of the 
samples is firstly calculated. This shows that the increase in this ratio provide an increase in 
the OCR. It is also seen that the in this study, the Batu Pahat clay samples show similar 
patterns in the correlation with other past studies. Hence, this correlation can be used for 
clay soils with similar properties such as that recorded in Table 1. 
 
 
Figure 5. Correlations obtained from the relationship of OCR and Su  
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Figure 6. Variation of undrained shear strength to effective stress pressure ratio with over 
consolidation ratio for 5 clays (Ladd and Foott, 1974) and clay Recess UTHM 
 
CONCLUSIONS 
 
From the findings obtained in this study, the value of undrained shear strength is 
increased with increase effective stress. OCR values of clay soil are inversely proportional 
with the undrained shear strength from vane shear test of soil samples. This mean, OCR 
values will decrease with the increasing of the undrained shear strength. The correlation 
between OCR value and undrained shear strength from vane shear test has been established. 
From the correlation Su and OCR value can be predicted using the polynomial equations 
which depends on the value of, Su=(0.1065OCR2 -1.946.OCR+18.322). Based on the 
equation ,OCR value can be predicted by knowing the value of undrained shear strength. It 
is observed that the average OCR value will be increase with the decreasing of undrained 
shear strength.  As the OCR value can be correlated with the undrained shear strength, it is 
good indication that OCR value can be used to predict an undrained shear strength for the 
soil. The comparison between the experimental results and from previous researchers, both 
produced an equation of a non-linear correlation. It shows that the undrained shear 
strength’s increase with decrease of OCR values. A similar pattern of Su-OCR relationship 
with previous research was observed for the marine clay. 
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